Chicken extract has been consumed in oriental countries for centuries for improving body conditions such as recovery from fatigue. It is a rich source of antioxidant dipeptides. The in vivo antioxidative abilities were evaluated. Diets mixed with 4 different amounts of chicken extract were investigated for in vivo antioxidation ability using healthy male Sprague-Dawley (SD) rats. Total antioxidant status (TAS), thiobarbituric reactive sub stances (TBARS), iron content, superoxide dismutase (SOD) activity, glutathion peroxidase (GPx) activity and uric acid content were determined. In healthy rats, most of the indexes were not affected by intake of chicken extract significantly. However, plasma TBARS in the chicken extract-fed groups increased at the end of the experiment, which could be due to some pro-oxidative minerals in the extract. In conclusion, we found no significant or minor changes on the activities of antioxidative enzymes, antioxidant conditions, or lipid oxidation in healthy rats from consuming chicken extract, which may be the result of a balanced body condition. However, because of its high content of dipeptides, we suggest that it should have liver protecting effects if oxidative stresses are introduced.
Free radicals are associated with many chronic dis eases, such as cardiovascular diseases, cancers, and aging processes (1) . Foods with potential antioxidant abilities have been researched to prevent or reduce the generation of free radicals in human bodies. Chicken extract is rich in proteins, amino acids, and minerals. It is known to have such effects as reducing human stress, helping recovery from fatigue, and increasing work effi ciency (2) . Geissler et al. (3) pointed out that consum ing chicken extract enhanced the absorption of iron in iron-deficient rats. Chicken extract is a rich source of amino acids and dipeptides such carnosine and anserine. Carnosine and anserine share a key chemical structure, L-histidine, which was identified as having antioxidant abilities both in vivo and in vitro. L-Histi dine can interfere the formation of hydroxyl radicals by reacting with them, or by coupling with singlet oxygen with its imidazole ring (4) . Carnosine and anserine have the following functions: 1. provide a buffer system in muscle; 2. chelate Cu, Co, and Zn; 3. activate some enzyme systems; 4. help nerve transduction; and 5. scavenge free radicals and singlet oxygen (5, 6) . By scavenging hydroxyl radicals, carnosine and anserine can protect the enzyme system such as Cu and Zn superoxide dismutase (Cu-Zn SOD) (7) . It was also found that the complex of carnosine and copper ions acted like SOD and react with superoxide radicals (8) . Since chicken extract is rich in carnosine and anserine, and the fatigue recovery property may be related to oxi dation stress in the body, the objective of this research was to investigate the in vivo antioxidant abilities of chicken extract on the responses of the antioxidant enzyme system in healthy rats. 
MATERIALS AND METHODS

RESULTS
Effect of chicken extract on the body weight of rats Chicken extract had some effect on the average body weights of rats. As shown in Table 2 , at the end of the experiment, the average body weight in each group had increased as the dose was increased. As the amount of chicken extract increased, the average body weight tended to increase, except for that in group D (7.5 mL/ kg-d) which had the lowest body weight compared to the other groups from the 2nd week. The ratio of weight gain to food intake in group D was also the lowest throughout the experiment.
Effect of chicken extract on the iron content in plasmas
The ratio of Fe(II) to Fe(III) was one of the indexes used to evaluate the tendency for oxidation in plasma. Higher ratios indicated more lipid oxidation in plasma. Table 1 .
Compositions of the control and experimental diets1.
1 The total energy of each diet was not significantly different (p<0.05). * A, control group; B, 1.5 mL/kg d; C, 3.0 mL/kg-d; D, 7.5 mL/kg-d. The result of the effect of chicken extract on plasma TBARS is shown in Table 4 . As the feeding period pro ceeded, the TBARS concentration increased. At the end of the 8th wk, chicken extract fed groups tended to have higher TBARS values, and group D had the highest TBARS value (p<0.05). Effect of chicken extract on the total antioxidative status (TAS) of rats
The total effect of chicken extract on the plasma total antioxidant status (TAS) is shown in Table 5 . A higher value in TAS indicates a better antioxidation condition. During the experiment, the TAS increased in all groups. However, the results were independent of the dosage effect. At the end of the experiment, started from the 2nd wk, the control group tended to have higher TAS values than the experimental groups. Table 6 shows the changes in activities of erythrocyte glutathione peroxidase (GPx). Compared to the control group, the groups fed chicken extract all showed an increase in GPx in 2 wk, and it had reached a steady condition except in group D of which decreased at the end of the 8th wk. Changes in blood glutathione con tent are shown in Table 7 . At the end of the experiment, no significant differences were observed among chicken extract-fed groups and the control group. As the exper iment continued, glutathione contents remained simi lar.
DISCUSSION
Chicken extract is a rich source of proteins, peptides, and minerals, and is very low in fat. In some Oriental countries, chicken extract is used as one of the daily supplements to improve the body's condition. In this study, the dosages of chicken extract consumed by rats were equal to 75, 150, and 3 75 mL/d consumed by a 60-kg adult. Our results indicated that in a healthy con dition, consuming a moderate amount (3.0 mL/d for rats) of chicken extract causes no negative effects and may increase some activities of antioxidant enzymes. However, too much chicken extract (7.5 mL/kg-d in our case) might cause weight loss. In our observations dur ing the experiment, those rats fed 7.5 mL/kg-d had a more yellowish hair color than those fed lower dosages. This could have been due to a nutritional imbalance or to an unpleasant flavor caused by too much chicken extract in the diets since it was found that the feed effi ciency in group D was also the lowest.
For investigating the antioxidative effect of carnosine, Guliaeva et al. (10) injected 0.2, 2.0, and 20mg/kg of carnosine into normal and stress-induced rats and found that only the dosage of 20mg/kg decreased free radical oxidation products. In our experiment, we fed rats carnosine and anserine-rich chicken extract orally.
Thus, the way of induction and the amount of carnos ine, compared to the experiment by Guliaeva et al. (10), may not be sufficient to produce a significant result on TBARS in healthy SD rats. In addition, other ingredi ents such as iron and copper in chicken extract may also interfere with the antioxidative ability of chicken extract. In an in vitro study (11) , it was found that the antioxidation abilities of carnosine and anserine were from the peptide linkage and the L-histidine structure. However, the dipeptide linkages might have been cleaved by the low pH condition in the stomach. This could have occurred in our case. According to HPLC results (data not shown), neither carnosine or anserine was consistently detected throughout the experiment. Thus, a direct injection without passing through the stomach should a more effective way to protect the antioxidative ability of carnosine or anserine.
According to Minotti and Aust (12) , intake of chicken extract improved the absorption of iron from food or the release of stored iron. The same result was observed in our experiment. It was pointed out that a low iron con dition could be improved by consuming chicken extract (3, 13) . However, Fe(II) may react with hydrogen perox ide and form hydroxyl radicals. In addition, as the ratio of Fe(II) to Fe(III) increased lipid oxidation became more serious (14, 15) . Holliwell and Gutteridge (16) found that, with the appearance of iron, L-histidine might pro mote iron ion-dependent lipid peroxidation. For those reasons, we did not find decreased TBARS and increased TAS as we expected.
GSH reduced peroxides together with the action of GPx (1). Lii et al. (17) indicated that GSH in rat erythro cytes could be increased by adding antioxidants into the diet or by consuming foods rich in amino acids. In our results, the GSH concentrations in the erythrocytes in chicken extract-fed groups tended to be higher than that in the control group though not statistically signif icant. This indicated that those dipeptides in chicken extract, after being digested, became amino acids and then stored in the amino acid pool (18) in the body. Thus, the antioxidative ability was reduced.
CONCLUSIONS
Our results indicated that under healthy conditions, the antioxidative effect of chicken extract in rats was not apparent. In a healthy body, the antioxidative status was balanced by the body itself. The change may be more significant if an oxidative stress is introduced.
Thus, more studies should be taken under a situation where an oxidative stress is examined.
